Host cell infection by the intracellular pathogen, Trypanosoma cruzi, involves activation of signaling pathways, cytoskeletal reorganization, and targeted recruitment of host cell lysosomes. To determine the consequences of T. cruzi invasion on host cell gene expression, high density microarrays consisting of ϳ27,000 human cDNAs were hybridized with fluorescent probes generated from T. cruzi-infected human fibroblasts (HFF) at early time points following infection (2-24 h). Surprisingly, no genes were induced >2-fold in HFF between 2 and 6 h post-infection (hpi) in repeated experiments while immediate repression of six host cell transcripts was observed. A significant increase in transcript abundance for 106 host cell genes was observed at 24 hpi. Among the most highly induced is a set of interferon-stimulated genes, indicative of a type I interferon (IFN) response to T. cruzi. In support of this, T. cruzi-infected fibroblasts begin to secrete IFN␤ at 18 hpi following the induction of IFN␤ transcripts. As compared with global transcriptional responses evoked by other intracellular pathogens, T. cruzi is a stealth parasite that elicits few changes in host cell transcription during the initiation of infection.
Global transcriptional responses elicited in mammalian cells by pathogenic organisms are predicted to provide a unique signature of the particular interaction (1) . The recent application of oligonucleotide and cDNA microarray technologies toward the study of host-pathogen interactions has permitted rapid and unbiased examination of changes in expression of a large number of genes at the transcript level (2) . Microarray analysis of host cell gene expression following infection with viral (3-7), bacterial (8 -12) , fungal (13) , and protozoan (14) pathogens has revealed complex and diverse transcriptional responses to these infectious agents. Data bases generated from these, and future, studies will provide an invaluable resource for the functional characterization of host cell pathways required to facilitate pathogen survival and for the further understanding of host defense mechanisms (1, 15, 16) .
Trypanosoma cruzi is a hemoflagellate protozoan parasite that causes Chagas' disease in humans. Key steps in the pathogenesis of disease include host cell penetration by T. cruzi and replication in the host cell cytoplasm. Host cell invasion, which is initiated following attachment of motile T. cruzi trypomastigotes to the host cell surface, is a slow, active process requiring ϳ5-10 min for completion (17) . Parasite internalization coincides with the formation of a nascent parasitophorous vacuole, generated as a result of targeted fusion of host cell lysosomes with the plasma membrane (18) . Signaling pathways that are rapidly activated in both the host cell and the parasite are known to regulate T. cruzi entry into mammalian cells. (19) . Although not well characterized, some of these early signals are thought to regulate downstream host cell transcriptional events (20 -22) . For example, induction of proinflammatory cytokines in T. cruzi-infected macrophages (23) (24) (25) is mediated by parasite glycosylphosphatidylinositol-mucins (26 -28) following the activation of host cell NF-B and MAPK 1 pathways (29) . Proinflammatory cytokines produced early in experimental T. cruzi infections (30, 31) are important modulators of both the innate and adaptive host immune responses (32) . Although T. cruzi is able to maintain an infection cycle in non-professional phagocytic cells of the host for several months during the acute phase of infection, little is known regarding parasite-directed modifications in the cellular environment that are required to support infection by this pathogen.
To further dissect the molecular events regulating early T. cruzi-host cell interactions, we have employed cDNA microarray hybridization to define the temporal host cell transcriptional response induced by infection with T. cruzi trypomastigotes. To facilitate comparisons to existing microarray data bases, which define temporal host cell transcriptional responses to the intracellular pathogens, Toxoplasma gondii (14) and human cytomegalovirus (6), primary human foreskin fibroblasts (HFF) were used in this study. We report here that infection of HFF by the intracellular pathogen T. cruzi results in very few changes in transcript abundance for at least the first 6 h of infection. As compared with the rapid changes in host cell transcript abundance elicited by other intracellular pathogens, T. cruzi is highly unique in its ability to initiate the infectious process without inducing gene expression.
MATERIALS AND METHODS
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¶ Supported by National Institutes of Health Grant 1F32AI10478. ʈ To whom correspondence should be addressed. Tel.: 617-432-2495; Fax: 617-432-4766; E-mail: bburleig@hsph.harvard.edu. mented with 10% fetal bovine serum, 2 mM glutamine. Tissue culturederived trypomastigotes from the T. cruzi Y strain were generated as previously described (33) . Parasite-conditioned media (PCM) was prepared by resuspending freshly harvested and washed trypomastigotes in DMEM containing 2% fetal bovine serum at 2 ϫ 10 7 parasites/ml for 18 h at 37°C, 5% CO 2 . Following the incubation, parasites were removed by centrifugation, and the resultant PCM supernatant was filtered through a 0.2-m membrane.
Cell Infection-Trypomastigotes were added to monolayers of HFF in T75 flasks and incubated at 37°C, 5% CO 2 for 1-2 h, after which parasites were removed and fresh DMEM/2% fetal bovine serum was added. To ensure infections of at least 1 parasite/cell on average, HFF were infected with a multiplicity of infection of 10 unless otherwise stated. To quantitate infection, 12-mm 2 glass coverslips with infected cells were removed from flasks prior to cell lysis, fixed with 2% (w/v) paraformaldehyde/phosphate-buffered saline, processed, and scored by immunofluorescence assay as described previously (18) .
RNA Isolation-Mock/PCM-treated and T. cruzi-infected monolayers were washed twice in cold phosphate-buffered saline on ice. Total RNA was isolated using the RNeasy mini kit (Qiagen, Valencia, CA). RNA concentration was determined spectrophotometrically using a Beckman DU 530 spectrophotometer and stored at Ϫ80°C at a concentration of 1 mg/ml. RNA integrity was confirmed by gel electrophoresis and ethidium bromide staining.
Microarray Hybridization and Data Analysis-A series of cDNA microarrays containing ϳ27,000 human sequences were prepared at Stanford University (14) . All clones on the microarray are available at Research Genetics (Huntsville, AL). Fluorescent (Cy5-or Cy3-labeled) cDNA probes were generated from total RNA exactly as described (14) . Typically, Cy3-dUTP and Cy5-dUTP were used to label cDNA generated from infected and control uninfected cells, respectively. Images generated by scanning glass slide microarrays were analyzed with the Scanalyze software (written by M. Eisen, available at rana.Stanford.edu/software) to determine the -fold change for each spot on the array. The fluorescence intensities of the remaining spots were normalized using previously described methods (34) . The data were filtered to exclude spots with intensities less than twice the background (150 pixels) in either channel. Hierarchical clustering of the data was performed using the Cluster program and the figure generated using TreeView (also available at rana.Stanford.edu/software) (56) .
Northern Blots-Total RNA (10 g/lane) was size-fractionated on formaldehyde-containing 1% agarose gels in MOPS buffer and blotted onto a nylon membrane using standard protocols. Human cDNA clones, ␤-actin (National Institutes of Health IMAGE: 867606), ISG54 (IM-AGE: 289496), IRP1 (IMAGE: 502355), and CTGF (IMAGE: 898092), were obtained from ATCC. Murine STAT-1 cDNA was kindly provided by J. Rengarajan (Harvard School of Public Health). Human IFN␤ was PCR-amplified using forward: 5Ј-cagctctttccatgagctac-3Ј and reverse: 5Ј-agtgtcctttcatttgcagt-3Ј primers. Plasmid DNA was isolated using QIAprep (Qiagen). Clones were sequenced for verification and inserts excised and gel-purified. A 15-to 25-ng insert was used as template to synthesize 32 P-labeled probes (RediPrime II, Amersham Biosciences, Inc.) and hybridized using Express-Hyb (CLONTECH). Blots were washed to a final stringency of 0.1ϫ SSC, 0.1% SDS at 50°C and exposed to Hyperfilm MP (Amersham Biosciences, Inc.) at Ϫ80°C. Prior to subsequent probing, blots were stripped by washing at 95°C in 0.1ϫ SSC, 0.1% SDS for 10 -20 min.
Immunoblot Analysis-Infected cell monolayers were washed with ice-cold TBS (20 mM Tris-HCl, pH 7.6, 150 mM NaCl) and lysed with TBS containing 1% Nonidet P-40, 2 mM EDTA, 2 mM phenylmethylsulfonyl fluoride, 1 M E-64, 1 M leupeptin, and 1 g/ml aprotinin. 10 g of protein was resolved on 12% SDS-PAGE gels and transferred to polyvinylidene difluoride membranes (Millipore). Membranes were blocked with TBS/0.1% Tween 20/3% bovine serum albumin and incubated with a mouse monoclonal antibodies to human STAT-1 (Transduction Laboratories), or phospholipid scramblase (Oncogene Research Products) for 1 h in blocking buffer followed by incubation with the appropriate peroxidase-conjugated goat antibody. Immunoreactive bands were detected by ECL (Amersham Biosciences, Inc.) following exposure to Hyperfilm (Amersham Biosciences, Inc.). Blots were stripped with 10 mM ␤-mercaptoethanol, 2% SDS, 62.5 mM Tris-HCl, pH 6.7, at 50°C for 30 min prior to reprobing.
ELISA-Secreted IFN␤ was measured in cell supernatants using an antibody-specific ELISA kit (BIOSOURCE International). 500-l aliquots of supernatant were collected from control, PCM-treated, or T. cruzi-infected monolayers at 1-h intervals for 24 h and centrifuged at 14,000 ϫ g for 10 min, and the supernatant was stored at Ϫ80°C. A linear calibration curve, 3-400 units/ml, was generated using standard concentrations of IFN␤. Optical density was measured at 450 nm using a Spectra Max 190 ELISA reader (Molecular Devices).
RESULTS

Temporal Analysis of Host Cell Gene Expression Reveals a Marked Delay in T. cruzi-induced Transcriptional Response-
The global transcriptional response elicited in human fibroblasts to infective T. cruzi trypomastigotes was determined using cDNA microarray hybridization. For these experiments, cDNA probe pairs, generated from control (Cy5-labeled) and T. cruzi-infected (Cy3-labeled) human foreskin fibroblasts (HFF) at 2, 4, 6, and 24 h post-infection (hpi), were hybridized to microarrays containing ϳ27,000 human sequences. Data were filtered to include only those spots for which the Cy3/Cy5 ratio was Ն2 (putative up-regulation) or Յ0.5 (putative repression) in at least two of three experiments. Surprisingly, none of the genes represented on the microarrays were significantly induced in HFF at time points of infection between 2 and 6 h (1 parasite/cell on average) whereas six genes were reproducibly repressed at these time points (Fig. 1) . Highly similar results were obtained in supplementary microarray experiments carried out at 6 hpi, in which HFF sustained a much higher infection (ϳ4 parasites/cell; not shown). In contrast to the minimal response observed early in infection, transcript abundance for 106 HFF genes was significantly elevated at 24 hpi. Of these transcripts, 82 correspond to annotated genes (shown in Fig. 1 ) and 24 are expressed sequence tags (ESTs). Most of the ESTs are unknown sequences (GenBank TM accession numbers: H60297, W93154, AA236015, AA706818, AA490264, AA418828, AA142842, AA682834, AA133281, R89126, AA707117, H72638, R63922, AA776775, AA281936, AA250751, AA699983, AA448192, H23443, and H11453). Four ESTs show significant sequence similarity to known genes: EST AA169606: basic leucine zipper nuclear factor 1/JEM-1; EST AA454209: periplakin; EST AA983252: IL-6/G-CSF family member SGRF; and EST R68721: TNF ligand. Control microarray experiments were performed to ensure that apparent changes in transcript abundance were not due to cross-hybridization with T. cruzi cDNA. For these, arrays were hybridized with Cy5-labeled HFF cDNA and Cy3-labeled cDNA consisting of HFF:T. cruzi (4:1) generated to mimic the estimated amount of parasite RNA present in samples prepared from infected cells. No cross-hybridizing signals were detected in experiments carried out using the lower multiplicity of infection conditions. In contrast, cross-hybridizing T. cruzi sequences were detected in array experiments when HFF were heavily infected. Data for these spots (GenBank TM accession numbers: AA708441, H50886, R52793) were eliminated from the analysis.
Nine independent microarray hybridizations were carried out at the 24-h time point, and the resultant data were used to determine the level of reproducibility between experiments. The frequency with which an individual gene is represented as undergoing a Ͼ2-fold induction was plotted as a function of the number of experiments for which a similar change in expression was observed (Fig. 2) . We found that, of the genes meeting the initial filtering criteria in at least one experiment, 93% were induced in at least six of nine (67%) experiments and more than half were represented in every experiment. The remaining 7% are likely to represent one of the following: 1) false positives; 2) genes for which data was unavailable in several experiments (i.e. poor spot quality); or 3) genes for which the level of change was near the 2-fold cutoff such that, in some of the experiments, the Cy3/Cy5 ratio was below this value. By carrying out multiple independent infection and microarray hybridizations, a transcriptional response profile has been generated for which a high degree of reproducibility was observed. This was particularly important for the early time points of infection where the response to T. cruzi was minimal, thereby providing an increased level of confidence in the data. These results are further supported by comparing the global transcriptional response induced in HFF by T. gondii (Ͼ60 genes up-regulated at 2 hpi) using the same generation of microarrays (14) .
Host Cell Interferon-stimulated Genes Are Up-regulated in Response to T. cruzi Infection-The most highly induced and widely represented transcripts at 24 hpi belong to the family of interferon-stimulated genes (ISG). Among these are: ISG54 (22.0-fold), STAT-1 (6.9-fold), phospholipid scramblase (6.9-fold), MHC class I (2.6-fold), and two interferon (IFN) regulatory factors, IRF2 (7.7-fold) and IRF7 (2.3-fold) . The abundance of ISG transcripts was unchanged at early time points of infection, suggesting that this response may follow IFN production by infected HFF. The remaining transcripts induced at 24 hpi are grouped into categories that include: receptors and signal transduction (8.6%), metabolism (5%), transcription (5%), extracellular matrix (2.5%), ESTs (27.5%), and others (15.5%). Although these latter transcripts were consistently up-regulated in independent experiments, the genes have no obvious functional relationship to each other. This classification is arbitrary and limited due to incomplete knowledge of the full spectrum of functions exerted by most gene products. With the exception of IL-6, which was up-regulated in only five of nine experiments (and therefore not included in Fig. 1 ), no proinflammatory cytokines genes were induced in response to T. cruzi, contrary to what has been reported in other cell types (25, 35) .
T. cruzi-HFF Interaction Leads to Immediate Repression of a Subset of Host
Cell Genes-One of the most striking features of the response to T. cruzi is the apparent absence of transcriptional activation at early time points of infection (2-6 h). In contrast to this, a subset of host cell transcripts was repressed in the 2-fold range at these time points (Fig. 1) . Three of these genes, CTGF, Cyr61, and ADAMTS-1, encode secreted heparinbinding, extracellular matrix-associated proteins (36, 37) . Although CTGF and Cyr61 are functionally related immediate/ early genes belonging to the CCN family of secreted growth factors (36) , their expression is differentially regulated during T. cruzi infection. Repression of CTGF was maintained at 24 hpi, whereas Cyr61 was no longer repressed at this time point (Fig. 1) . At 24 hpi, only three genes were reproducibly repressed: CTGF, IRP-1, and oxytocin receptor, each of which exhibits a different temporal response to infection. Six additional transcripts were repressed at 24 hpi under conditions of increased infection (4 parasites/cell). These are: EST AA485974: macrogolgin; EST T57691: putative tumor suppressor; ESTs N26517 and W56371: similar to p53; and ESTs T67066 and H97386: unknown.
Minimal Role for T. cruzi-secreted/-released Factors in HFF Transcriptional
Response-Shedding of glycoconjugates from infective T. cruzi trypomastigotes into the medium (parasiteconditioned medium (PCM)) has been described previously (38) . To determine the contribution of soluble parasite factors toward this global host cell transcriptional response, microarray experiments were carried out in which Cy5-and Cy3-labeled probes were prepared from PCM-treated and T. cruziinfected cells, respectively, at 24 hpi. The results showed that, with one exception, similar changes in relative transcript abundance were seen when RNA from infected cells was compared with RNA from PCM-treated or mock-infected cultures (data not shown). The one exception was CTGF, which was equally down-regulated in its abundance in PCM-treated as in infected cultures. These data indicate that soluble T. cruzi components released into the medium mediate repression of CTGF but not the other changes in transcript abundance observed at 24 hpi, including ISG induction.
Confirmation of Microarray Data for Subset of Genes-
The relative expression of five representative host cell genes (induced: ISG54 and STAT-1; no change: ␤-actin; repressed: IRP-1, CTGF) was analyzed in independent infection experiments by Northern blot analysis (Fig. 3A) . Similar to the microarray findings, significant induction of ISG54 and STAT-1 transcripts was observed at 24 hpi but not at 2 hpi, when compared with uninfected controls. Likewise, the IRP-1 transcript was significantly diminished following T. cruzi infection for 24 h, with no discernable change detected at 2 hpi. Also, in agreement with the microarray analysis, PCM treatment of HFF for 24 h lead to a decrease in CTGF transcript levels in HFF, comparable to the repression observed following T. cruzi infection for 2 and 24 h. PCM treatment did not alter expression of ISG54, STAT-1, or IRP-1. Parasite RNA did not crossreact with any of the probes used (not shown). The trend of induction/repression for each gene change identified by microarray was corroborated by the Northern blot analysis with more pronounced changes in the latter (Fig. 3A) as shown by others (14) . To determine whether changes in transcript abundance correlated with increased protein expression, Western blot analysis was performed to examine the relative abundance of STAT-1 and another ISG, phospholipid scramblase (PS) in uninfected and T. cruzi-infected HFF. A significant increase in STAT-1 and PS protein levels was observed at 24 hpi but not at 2 or 4 h when compared with uninfected HFF (Fig. 3B) . Overall, both Northern and Western blot analyses provide independent confirmation of microarray data for the induction and repression of several host cell genes in response to T. cruzi infection.
IFN␤ Is Produced in Response to T. cruzi-Using independent methods, we have demonstrated that T. cruzi infection of
HFF results in increased ISG expression at 24 hpi. ISGs are rapidly induced (within 6 h) in response to interferon (39) or directly by certain viruses (6) . ISG transcript abundance was not significantly altered in T. cruzi-infected cells Ͻ6 hpi, indicating that this is a secondary response to parasite infection, possibly involving the production of fibroblast interferon, IFN␤. Because IFN␤ cDNA was not represented on the microarrays, it was not possible to determine whether IFN␤ transcription was induced in response to T. cruzi infection by this analysis. Therefore, the relative expression of IFN␤ in control and parasite-infected HFF was examined by Northern blot analysis. An abundant IFN␤ transcript was detected in T. cruzi-infected HFF at 17 hpi but not in uninfected cells or at 2 hpi (Fig. 4A) . Secretion of IFN␤ into the culture supernatant was first detected by ELISA at 18 hpi and could be measured until 24 h, the last time point examined (Fig. 4B) . No IFN␤ was detected in medium alone, medium from mock-infected HFF, or from the parasites (not shown). T. cruzi-secreted/released components present in PCM failed to stimulate IFN␤ secretion from HFF (Fig. 4B) , suggesting that the presence of intracellular parasites is required. DISCUSSION A survey of existing microarray data bases documenting host cell transcriptional responses to bacterial, fungal, viral, and protozoan pathogens, in a variety of mammalian cell types, reveals that a general feature of host-pathogen interactions is the relatively rapid induction of host cell gene expression (3, 4, 6, 8 -11, 13, 14) . By comparison, T. cruzi is unique in eliciting few changes in host cell transcript levels early in infection. We find no significant induction of fibroblast gene expression in response to T. cruzi at 2, 4, or 6 hpi and immediate repression of only six of the ϳ27,000 sequences represented on the microarray. Although host cell-specific responses are likely to contribute to differences in pathogen-induced transcriptional profiles, a comparison of the temporal responses elicited by T. cruzi, T. gondii (14) , and human cytomegalovirus (6) in the same cell type (HFF) supports the more general observation that the immediate/early response to T. cruzi is minimal. Our findings are both striking and surprising, given the rapid activation of multiple host cell signaling pathways by T. cruzi trypomastigotes (19) and the resultant cellular changes, including cytoskeletal reorganization (40) and mobilization of host cell lysosomes (18) . Thus, we conclude that, for at least the first 6 h, host cell transcriptional events contribute minimally to the establishment of T. cruzi infection and further emphasize the role for parasite-activated host cell signaling pathways in this process.
After the initial lag in T. cruzi-induced modulation of host cell gene expression, significant changes in transcript abundance (Ն2-fold) were observed in parasite-infected HFF at 24 hpi. Several features of the response differ substantially from that evoked in T. gondii-infected HFF. Classification of T. cruzi-induced genes into functional categories revealed the conspicuous absence of several major groups of genes (cytokines, carbohydrate metabolism, cell cycle, and apoptosis) all of which were up-regulated in HFF by T. gondii on similar cDNA arrays. In addition, the most highly represented group of genes induced by T. cruzi, the ISGs, were not induced by T. gondii, bacteria, or fungal pathogens (9, 10, 13, 14) . One exception was IRF-1, which was not induced by T. cruzi but was up-regulated in response to T. gondii (14) , Pseudomonas (11), and Salmo- nella (10) in the absence of induction of other ISGs. Although relatively rapid modulation of ISG transcription was observed in virus-infected cells (3, 4, 6) , similarity in host response to T. cruzi and these viral pathogens does not extend beyond this set of genes.
As predicted by the prominent ISG response, IFN␤ is produced and secreted from T. cruzi-infected cells. This finding is in agreement with a previous description of type I IFN-dependent induction of MHC class I in T. cruzi-infected macrophages and fibroblasts (41) . IFN␣/␤ are potent activators of natural killer cells (42, 43) , which are known to be critical effectors for the control of T. cruzi in acute infection (44 -46) . Therefore, type I IFN secreted from T. cruzi-infected cells early in the infection process (ϳ24 h) is likely to function as an important modulator of innate host defense mechanisms (47, 44) .
Significant changes in host cell proinflammatory cytokine gene expression were not observed in our microarray analysis, despite representation on the arrays. This result was unexpected because this response had been documented in other cell types (25) . In contrast, IL-1␤ and IL-6 were rapidly up-regulated in HFF (1-2 hpi) in response to T. gondii (14) , providing indirect evidence for NF-B-dependent transcription in this cell type (49) . It was recently shown that IRF2 directly suppresses the activation of NF-B through physical interaction (50) . Because IRF2 transcripts are markedly up-regulated in T. cruzi-infected cells at 24 hpi and remain unchanged by T. gondii, the possibility exists that IRF2 plays a role in silencing NF-B-dependent transcription in T. cruzi-infected HFF.
As a general feature of the early host cell response to T. cruzi, biosynthetic enzymes were not significantly altered by parasite infection. However, CYP51, which encodes a cholesterol biosynthetic enzyme, lanosterol-14␣-demethylase, was consistently up-regulated at 24 hpi. Although intracellular T. cruzi amastigotes cannot utilize the abundant supply of host cell cholesterol (51), they require specific sterols for proliferation and also express a lanosterol-14␣-demethylase activity (48, 52) . Therefore, the up-regulation of host cell CYP51 in response to infection may indicate that amastigotes utilize intermediates in the host cholesterol biosynthetic pathway and may benefit from elevated levels of host cell enzyme. It is noteworthy that azole derivatives that inhibit lanosterol-14␣-demethylase kill intracellular amastigotes and are potent chemotherapeutic agents for treatment of acute and chronic Chagas' disease in murine models of infection (52, 53) . Based on our microarray results, it is tempting to speculate that inhibition of the host enzyme could contribute to the mechanism of parasite clearance by these compounds.
The marked delay in T. cruzi-induced host cell transcriptional responses indicates that changes in host cell gene expression may correlate with a particular parasite-dependent event such as differentiation or replication. Establishment of intracellular infection by T. cruzi involves several events that together take ϳ24 h. These include invasion, exit from the vacuole, and differentiation to amastigotes, the intracellular replicative form of T. cruzi. Amastigote replication begins at 24 -30 hpi, after which, parasites double every 12 h. Using a similar analogy, the rapid and robust response initiated in HFF to T. gondii may correlate with the fact that parasite differentiation is not required for replication, and there appears to be no lag phase following host cell entry (54) . In our study, we have noted that, independent of the level of T. cruzi infection of HFF, Ͻ25% of the parasites had escaped the parasitophorous vacuole by 6 hpi, whereas Ͼ90% of the intracellular parasites were present in the cytoplasm as amastigotes at 24 hpi. 2 Because significant changes in host cell gene expression are not observed before 6 h, it is tempting to speculate that cytosolic localization and/or parasite differentiation is necessary to stimulate induction of host cell mRNA synthesis. There is clear precedence for such an effect in Listeria monocytogenes-infected macrophages, where rupture of the Listeria-containing vacuole and release of bacteria into the cytoplasm is required for the induction of host cell hsp90 mRNA by this pathogen (55) . This study provides the first description of the global and temporal transcriptional response elicited in mammalian host cells to T. cruzi. As compared with other intracellular pathogens, initiation of infection by T. cruzi appears to involve few changes in host cell transcription. Results from this study underscore fundamental differences in the biology of hostpathogen interactions, as reflected at the level of host cell gene expression. Furthermore, data generated in our analysis reveal highly reproducible changes in previously unrecognized host cell responses to T. cruzi infection that will provide a foundation for future functional characterization of the molecular basis of early T. cruzi-host cell interactions, a central feature of pathogenesis.
